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(54) Turbine vane assembly including a low ductility vane 



(57) At least one airfoil shaped vane (1 2) made of a 
low ductility material, for example a ceramic base ma- 
terial such as a ceramic matrix composite or an inter- 
metallic material such as NiAl material, is releasably car- 
ried in a turbine vane assembly including inner and outer 



vane supports (14/16) by at least one high temperature 
resistant compliant seal (36738). The seal (36738) iso- 
lates the vane (1 2) from at least one of the vane supports 
(14/16) and allows independent thermal expansion and 
contraction of the vane (12) in respect to the support 
(14/16). 
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Description 

[0001] This invention relates to turbine vane assem- 
blies, for example of the type used in gas turbine en- 
gines. More particularly in one embodiment, it relates to 
a turbine vane assembly including at least one low duc- 
tility vane carried at least in part by a compliant seal to 
enable expansion and contraction of the vane independ- 
ently from at least one of spaced apart metal supports 
or bands. 

[0002] Components in sections of gas turbine engines 
operating at elevated temperatures in a strenuous, oxi- 
dizing type of gas flow environment typically are made 
of high temperature superalloys such as those based 
on at least one of Fe, Co, and Ni. In order to resist deg- 
radation of the metal alloy of such components, it has 
been common practice to provide such components 
with a combination of fluid or air cooling and surface en- 
vironmental protection or coating, of various widely re- 
ported types and combinations. 
[0003] One type of such a gas turbine engine compo- 
nent is a turbine stator vane assembly used as a turbine 
section nozzle downstream of a turbine engine combus- 
tion section. Generally, such assembly is made of a plu- 
rality of metal alloy segments each including a plurality 
of airfoil shaped hollow air cooled metal alloy vanes, for 
example two to four vanes, bonded, such as by welding 
or brazing, to spaced apart metal alloy inner and outer 
bands. The segments are assembled circumferentially 
into a stator nozzle assembly. One type of such gas tur- 
bine engine nozzle assembly is shown and described in 
U. S. Patent 5,343,694 - Toberg et at. (patented Sep- 
tember 6, 1994). 

[0004] From evaluation of service operated turbine 
nozzles made of coated high temperature superalloys, 
it has been observed that the strenuous, high tempera- 
ture, erosive and corrosive conditions existing in the en- 
gine flow path downstream of a gas turbine engine com- 
bustion section can result in degradation of the environ- 
mental resistant coating and/or alloy substrate structure 
of vanes of the nozzle. Repair or replacement of one or 
more of the vanes has been required prior to returning 
such a component to service operation. Provision of tur- 
bine vanes of adequate strength and more resistant to 
such degradation would extend component life and time 
between necessary repairs, decreasing cost of opera- 
tion of such an engine. 

[0005] In one form, the present invention provides a 
turbine vane assembly comprising an outer vane sup- 
port, an inner vane support in a fixed spaced apart po- 
sition from the outer vane support, and at least one airfoil 
shaped vane supported between the outer and inner 
vane supports. The vane is of a low ductility material, 
for example based on a ceramic matrix composite or an 
intermetallic material, having a room temperature duc- 
tility no greater than about 1 %. The outer and inner vane 
supports are of material having a room temperature duc- 
tility of at least about 5%. A high temperature resistant 
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compliant seal is disposed between the vane and at 
least one of the vane supports, substantially sealing the 
vane from passage of fluid between the vane and the 
vane support, enabling the vane to expand and contract 
5 independently of the vane support. In one form, the vane 
supports are of a high temperature metal alloy, for ex- 
ample based on at least one of Fe, Co, and Ni, having 
a room temperature tensile ductility in the range of about 
5 _ 15%. 

w [0006] Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Figure t is a perspective view of a typical gas tur- 
bine engine nozzle vane segment 

Figure 2 is a sectional view of the vane segment of 
Figure 1 along lines 2 — 2 of Figure 1. 

20 Figure 3 is a diagrammatic, fragmentary sectional 
view of one embodiment of the present invention 
showing a low ductility vane carried by compliant 
seals between outer and inner metal alloy vane sup- 
ports. 

Figure 4 is diagrammatic top view of the vane of Fig- 
ure 3 before an outer seal retainer has been ap- 
plied. 

30 Figure 5 is a diagrammatic, fragmentary sectional 
view of another embodiment of the present inven- 
tion. 

Figure 6 is a view as in Figure 3 with a cooling air 
35 insert disposed within the vane hollow interior. 

Figure 7 is a diagrammatic, fragmentary, partially 
sectional view of another embodiment of the 
present invention showing a low ductility vane car- 
40 ried at its radially inner end by a fixed arrangement 
and releasabry carried at its radially outer end by a 
compliant seal between its outer end and an outer 
metal alloy vane support. 

45 [0007] Certain ceramic base and intermetallic type of 
high temperature resistant materials, including mono- 
lithic as well as intermetallic base and ceramic based 
composites, have been developed with adequate 
strength properties along with improved environmental 

so resistance to enable them to be attractive for use in the 
strenuous type of environment existing in hot sections 
of a turbine engine. However, such materials have the 
common property of being very low in tensile ductility 
compared with high temperature metal alloys generally 

55 used for their support structures. In addition, there gen- 
erally is a significant difference in coefficients of thermal 
expansion (CTE) between such materials and alloys, for 
example between low ductility ceramic matrix compos- 
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ites (CMC) or intermetallic materials based on NiAl, and 
typical commercial Ni base and Co base superalloys 
currently used as supports in such engine sections. 
[0008] If such low ductility materials are rigidly sup- 
ported by such high temperature alloy structures, ther- 
mal strains can be generated in the low ductility material 
from the mismatch of properties in an amount that can 
result in fracture of the low ductility material. For exam- 
ple, a typical Ni base superalloy such as commercially 
available Rene' N5 alloy, forms of which are described 
in U.S Patent 5, 1 73,255 — Ross et al., and used in gas 
turbine engine turbine components, has a room temper- 
ature tensile ductility in the range of about 5 — 15% 
(with a CTE in the range of about 7 — 10 microinch/ 
inch/°F). The low ductility materials have a room tem- 
perature tensile ductility of no greater than about 1% 
(with a CTE in the range of about 1 .5 — 8.5 microinch/ 
inch/°F). For example, a typical commercially available 
low ductility ceramic matrix composite (CMC) material 
such as SiC fiber / SiC matrix CMC has a room temper- 
ature tensile ductility in the range of about 0.4 - 0.7%, 
and a CTE in the range of about 1 .5 — 5 microinch/inch/ 
°F. Similarly, a low ductility NiAl type intermetallic mate- 
rial has near zero tensile ductility, in the range of about 

0.1 1%, with a CTE of about 8 — 10 microinch/inch/ 

°F. Therefore, according to the present invention, a low 
ductility material is def ined as one having a room tensile 
ductility of no greater than about 1%. 
[0009] In addition to such significant differences in 
room temperature ductility, comparison of CTE's be- 
tween the low ductility material and one or more high 
temperature alloy support materials, for example super- 
alloys based on at least one of Fe, Co, and Ni, shows 
that the ratio of the average of the CTE's of the more 
ductile support alloys to the CTE of the low ductility ma- 
terial is at least about 0.8. Typical examples of such ra- 
tios for a Ni base superalloy to CMC low ductility material 
are in the range of about 1 .4 — 6.7 and to NiAl low duc- 
tility material are in the range of about 0.8 — 1.2. 
[0010] Thus there is a significant difference or mis- 
match in such properties between a low ductility material 
and such an alloy support. Rigid, fixed assembly of such 
materials such as a low ductility vane between high tem- 
perature alloy supports in a turbine vane assembly can 
enable generation in the vane of a thermal strain suffi- 
cient to result in fracture or crack initiation in the vane 
during engine operation. Therefore, it is desirable to 
avoid crack initiation in a low ductility material. 
[0011] Ductility represents plastic elongation or defor- 
mation required to prevent initiation of cracks, for exam- 
ple for brittle materials under local or point loading. How- 
ever another mechanical property, fracture toughness, 
represents the ability of the material to minimize or resist 
propagation in the presence of an existing crack or de- 
fect. In one form, the low ductility material is defined as 
having a fracture toughness of less than about 20 
ksHnch 1/2 in which "ksi" is thousands of pounds per 
square inch. Typically, the CMC materials have a frac- 



ture toughness in the range of about 5 — 20 ksi-inch 1 ' 2 ; 
and the NiAl intermetallic materials have a fracture 
toughness in the range of about 5— 10 ksWnch 1/2 . 
[0012] Aformof the present invention provides acom- 
5 bination of members and materials that compliantly and 
releasably captures a low ductility member such as a 
CMC or intermetallic base turbine vane within a support- 
ing structure such as a superalloy band, avoiding gen- 
eration of excessive thermal strain in the low ductility 
10 material. In that form of the combination, a compliant 
seal is disposed between and in contact both with at 
least one end of the low ductility vane and a support in 
juxtaposition with the end. Concurrently the compliant 
seal prevents flow of fluid such as air and/or products of 
is combustion between the vane end and the support while 
isolating the low ductility vane from the support and en- 
abling each to expand and contract from thermal expo- 
sure independent of one another. 
[0013] Forms of the compliant seal used in the 
20 present invention sometimes are referred to as rope 
seals. Typical rope seal stress-strain curves comparing 
deflection of the seal at different loads confirm the com- 
pliance and resilience of such a seal. In forms for use at 
elevated temperatures, rope seals include woven or 
25 braided ceramic fibers or filaments, forms of which are 
commercially available as Nextel alumina material and 
as Zircar alumina silica material. Some forms of the 
compliant seals, for example for strength and/or resist- 
ance to surface abrasion, include one or more of the 
30 combination of a metallic core, such as a wire of com- 
mercial Hasteltoy X alloy, within the ceramic filaments 
and/or an outer sheath of thin, ductile metal about the 
ceramic f ilaments. The woven or braided structure of the 
ceramic fibers or filaments provide compliance and re- 
35 silience. 

[001 4] The present invention will be more fully under- 
stood by reference to the drawings. Figure 1 is a per- 
spective view of a gas turbine engine turbine stator vane 
segment or assembly shown generally at 10 including 

40 fou r airfoil shaped vanes 1 2 disposed between an outer 
vane support or band 14 and a fixed position spaced 
apart inner vane support or band 16. In a typical current 
commercial gas turbine engine, the vanes and vane 
supports each are made of a high temperature alloy and 

45 bonded together, as shown, by welding and/or brazing. 
This secures the vanes with the bands in a fixed relative 
position and prevents leakage of the engine flow stream 
from the flow path through the bands. A plurality of 
matching vane segments is assembled circumferential- 

50 |y into a turbine nozzle, for example as shown in the 
above-identified Toberg et al. patent 
[0015] To enable air cooling of each segment 10, 
vanes 12, as shown in the sectional view of Figure 2 
along lines 2 — 2 of Figure 1, include a hollow interior 

55 1 8 to receive and distribute cooling air through and from 
the vane interior. In some embodiments, a vane insert 
20, shown in Figure 6, is disposed in vane hollow interior 
18 to distribute cooling air within and through vane 12 
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and through cooling air discharge openings (not shown), 
generally included through the vane wall. 
[00161 One embodiment of the present invention is 
shown in the diagrammatic, fragmentary sectional view 
of Figure 3. Vane 12 is made of a low ductility material 
of the type described above, in the drawings represent- 
ed as a ceramic material. Vane 12 includes a vane ra- 
dially outer end 22 and a vane radially inner end 24. Met- 
al alloy outer vane support 14 includes therein an open- 
ing 28 defined by outer opening wall 30 sized generally 
to receive outer end 22 of vane 12. Metal alloy inner 
vane support 1 6 includes therein an opening 32 defined 
by inner opening wall 34 sized generally to receive inner 
end 24 of vane 12. Outer vane support 14 and inner 
vane support 1 6 are held in a fixed spaced apart position 
in respect to one another. If all of the vanes 12 are of a 
low ductility material not rigidly held between outer and 
inner vane supports 14 and 16, the vane supports are 
held in such fixed spaced apart relationship by a posi- 
tioning means, represented diagrammatically at 26. For 
example such a positioning means can include at least 
one of a rigid metal bolt, tube, rod, strut, etc. 
[0017] Disposed between and in contact with both 
vane outer end 22 and outer opening wall 30 is first com- 
pliant seal 36. Seal 36 carries vane outer end 22 within 
opening 28 independently from outer opening wall 30 to 
enable independent relative movement between vane 
12 and outer support 14. For example such relative 
movement can result from different expansion and con- 
traction rates between juxtaposed materials during en- 
gine operation. Concurrently, seal 36 substantially seals 
vane end 22 from passage thereabout of fluid from the 
engine flow stream. 

[0018] In the embodiment of Figure 3, disposed be- 
tween and in contact with both vane inner end 24 and 
inner opening wall 34 is a second compliant seal 38. 
Seal 38 carries vane inner end 24 within opening 32 in- 
dependently from inner opening wall 34 to enable inde- 
pendent relative movement between vane 12 and inner 
support 16. Concurrently, seal 38 substantially seals 
vane end 24 from passage thereabout of fluid from the 
engine flow stream. 

[001 9] Such disposition of the compliant seal or seals 
in Figure 3 captures vane 12 between outer band 14 
and inner band 16 while enabling independent thermal 
expansion and contraction of the vane and the supports. 
The compliance of the seals avoids application of com- 
pressive stress to vane 12, avoiding stress fracture of 
the vane. Included in the embodiment of Figure 3 is an 
outer seal retainer 40, securely bonded with outer sup- 
port 1 4, for example by welding or brazing. Seal retainer 
40 holds seal 36 in position between vane outer end 22 
and outer support opening wall 30. Also included in that 
embodiment is an inner seal retainer 42, similarly bond- 
ed with inner support 16, to hold seal 38 in position be- 
tween vane inner end 24 and inner support opening wail 
34. 

[0020] Figure 4 is a diagrammatic fragmentary top 



view of a portion of Rgure 3 before bonding of outer seal 
retainer 40 to outer support 14. Rgure 4 shows the gen- 
eral airfoil shape of vane outer end 22 and the position 
or disposition of compliant seal 36 about the vane end. 
5 [0021] Figure 5 is a diagrammatic, enlarged fragmen- 
tary sectional view of another embodiment of the 
present invention including the same general members 
as in Figure 3. Rgure 5 shows more clearly a space 44 
between at least one end of vane 1 2 and a seal retainer 
10 to enable independent expansion and contraction of 
vane 12 in respect to the metal supporting structure. 
[0022] Rgure 6 is a diagrammatic, fragmentary view 
as in Figure 3, partially sectional to show insert 20 dis- 
posed in vane hollow interior 18. Insert 20 provides air 
15 for cooling to and through hollow interior 1 8 of vane 1 2. 
For example, cooling air, represented by arrow 48 is pro- 
vided through cup-like structure 50 to insert 20 within 
vane 1 2. Cooling air is distributed by insert 20 within hol- 
low interior 18 through a plurality of insert openings, 
20 some of which are shown at 52. Typically, cooling air is 
discharged from vane hollow interior 18 through cooling 
air openings (not shown) through walls of vane 12 and/ 
or through openings (not shown) through at least one 
seal retainer, in a manner well known and widely used 
25 in the gas turbine engine art. In the embodiment of Fig- 
ure 6, insert 16 first is bonded with outer seal retainer 
40 through an appropriately shaped opening in retainer 
40 to provide a combination seal retainer and cooling 
air insert for assembly and bonding as a unit to outer 
30 support 14. 

[0023] Rgure 7 is a diagrammatic, fragmentary, par- 
tially sectional view of another embodiment of the 
present invention. In that form, vane 12, for example of 
an NiAl low ductility intermetallic material, is secured at 
35 its radially inner end 24 by the combination of an NiAl 
vane end cap 54 and a metal pin, washer and pad as- 
sembly shown generally at 56. However, outer end 22 
of vane 12 is reieasably and compliantly held, as de- 
scribed above, by compliant' seal 36 to enable vane 12 
40 to expand and contract independently of outer support 

[0024] The present invention has been described in 
connection with specific examples and combinations of 
materials and structures. However, it should be under- 
45 stood that they are intended to be typical of rather than 
in any way limiting on the scope of the invention. 
[0025] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses. 

so 1 . A turbine vane assembly (10) comprising: 

an outer vane support (14); 
an inner vane support (16) in a fixed spaced 
apart position from the outer vane support (1 4); 
55 and, 

at least one airfoil shaped vane (12) supported 
between the outer and inner vane supports 
(14/16); 
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wherein: 

the vane (1 2) is of a low ductility material having 
a room temperature tensile ductility no greater 
than about 1%; 5 
the outer and inner vane supports (14/16) are 
of material having a room temperature tensile 
ductility of at least about 5%; and, 
a high temperature resistant compliant seal 
(36/38) is disposed between the vane (12) and w 
at least one of the outer and inner vane sup- 
ports (14/16), substantially sealing the vane 
(12) from passage of fluid between the vane 
(12) and the vane support (14/16), the compli- 
ant seal (36/38) isolating the vane ( 1 2) from the 15 
vane support (14/1 6), enabling the vane (12) to 
expand and contract independently of the vane 
support (14/16). 



second CTE to the third CTE being at least 
about 0.8; 

at least one of the vane outer end (22) and the 
vane inner end (24) being releasably disposed 
in the respective support opening (28/32) in jux- 
taposition with the respective support opening 
wail (30/34); 

the high temperature resistant compliant seal 
(36/38) being disposed between the at least 
one vane end (22/24) and the respective sup- 
port opening wall (30/34), substantially sealing 
the vane end (22/24) from passage of fluid 
thereabout. 

6. The assembly (10) of clause 5 in which the tow 
ductility material is selected from the group consist- 
ing of ceramic base materials and i ntermetallic base 
materials. 



2. The assembly (10) of clause 1 in which the outer 20 
and inner vane supports (1 4/16) are of high temper- 
ature metal alloy based on at least one element se- 
lected from the group consisting of Fe, Co and Ni, 
and having a room temperature tensile ductility in 
the range of about 5 — 1 5%. 2s 

3. The assembly (10) of clause 2 in which the vane 
(12) comprises a ceramic matrix composite (CMC) 
material having a room temperature tensile ductility 

in the range of about 0.4 — 0.7%. 30 

4. The assembly (10) of clause 2 in which the vane 
(12) comprises a NiAl intermetallic material having 
a room temperature tensile ductility in the range of 
about 0.1 — 1%. 35 

5. The turbine vane assembly (10) of clause 1 in 
which: 

the at least one airfoil shaped vane (12) in- <o 
eludes a vane radially outer end (22) and avane 
radially inner end (24); 

the outer vane support (14) includes therein at 
least one outer support opening (28) defined by 
an outer support opening wall (30) sized gen- 45 
erally to receive the vane outer end (22), the 
outer vane support ( 1 4) made of a material hav- 
ing a first coefficient of thermal expansion 
(CTE); 

the inner vane support (16) includes therein at so 
least one inner support opening (32) defined by 
an inner support opening wall (34) generally 
sized to receive the vane inner end (24), the 
inner vane support (16) made of a material hav- 
ing a second CTE; 55 
the vane low ductility material has a third CTE 
different from the first CTE and second CTE, 
the ratio of the average of the first CTE and the 



7. The assembly (1 0) of clause 6 in which: 

the low ductility material comprises a ceramic 

matrix composite; and, 

the ratio is in the range of about 1 .4 — 6.7. 

8. The assembly (1 0) of clause 6 in which: 

the low ductility material comprises a NiAl; and, 
the ratio is in the range of about 0.8 — 1.2. 

9. The assembly (10) of clause 6 in which the low 
Ajctility material has a fracture toughness of less 
than about 20 ksi-inch 1/2 . 

10. The assembly (10) of clause 5 in which a seat 
retainer (40/42) is disposed over the compliant seal 
(36/38) and bonded with the vane support (14/16) 
to retain the compliant seal (36/38) at the support 
opening wall (30/34). 

1 1 . The assembly ( 1 0) of clause 6 in which the outer 
vane support (14) and the inner vane support (16) 
are high temperature metal alloys based on at least 
one element selected from the group consisting of 
Fe, Co, and Ni, and having a CTE of at least about 
7 microinch/inch/ 0 F. 

12. The assembly (1 0) of clause 9 in which the tow 
ductility material comprises a ceramic matrix com- 
posite material having a room temperature tensile 
ductility in the range of about 0.4 - 0.7 %, a third 
CTE in the range of about 1 .5 — 5 microinch/inch/ 
°F, and a fracture toughness in the range of about 
5-20ksiinch 1/2 . 

13. The assembly (10) of clause 9 in which the low 
ductility material comprises a NiAl intermetallic ma- 
terial having a room temperature tensile ductility in 
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the range of about 0.1 - 1 %, athird CTE in the range 
of about 8-10 microinch/inch/°F, and a fracture 
toughness in the range of about 5 - 1 ksi-inch 1 ' 2 . 

14. The assembly (10) of clause 5 in which: 

the vane outer end (22) and the vane inner end 
(24) each is releasably disposed in the respec- 
tive outer support opening (28) and the inner 
support opening (32) in juxtaposition with the 
respective outer support opening wail (30) and 
the inner support opening wall (34); and, 
a first high temperature resistant compliant seal 
(36) is disposed between the outer support 
opening wall (30) and the vane outer end (22), 
and a second high temperature resistant com- 
pliant seal (38) is disposed between the inner 
support opening wall (34) and the vane inner 
end (24). 

15. The assembly (10) of clause 14 in which a seal 
retainer (40/42) is disposed over each of the first 
(36) and second (38) compliant seals and bonded 
with the respective outer and inner vane supports 
(14/16). 



Claims 

1 . A turbine vane assembly (10) comprising: 

an outer vane support (14); 

an inner vane support (16) in a fixed spaced 

apart position from the outer vane support (14); 

and, 

at least one airfoil shaped vane (12) supported 
between the outer and inner vane supports 
(14/16); 

wherein: 

the vane (1 2) is of a low ductility material having 
a room temperature tensile ductility no greater 
than about 1%; 

the outer and inner vane supports (14/16) are 
of material having a room temperature tensile 
ductility of at least about 5%; and, 
a high temperature resistant compliant seal 
(36/38) is disposed between the vane (1 2) and 
at least one of the outer and inner vane sup- 
ports (14/16), substantially sealing the vane 
(12) from passage of fluid between the vane 
(12) and the vane support (14/16), the compli- 
ant seal (36/38) isolating the vane (12) from the 
vane support (14/16), enabling the vane (12) to 
expand and contract independently of the vane 
support (14/16). 



2. The assembly (1 0) of claim 1 in which the outer and 
inner vane supports (14/16) are of high temperature 
metal alloy based on at least one element selected 
from the group consisting of Fe, Co and Ni, and hav- 

5 ing a room temperature tensile ductility in the range 
of about 5 — 15%. 

3. The assembly (1 0) of claim 2 in which the vane (12) 
comprises a ceramic matrix composite (CMC) ma- 

w terial having a room temperature tensile ductility in 
the range of about 0.4 — 0.7%. 

4. The assembly (10) of claim 2 in which the vane (12) 
comprises a NiAl intermetallic material having a 

is room temperature tensile ductility in the range of 
about 0.1 — 1%. 

5. The turbine vane assembly (1 0) of claim 1 in which: 

20 the at least one airfoil shaped vane (12) in- 

cludes a vane radially outer end (22) and a vane 
radially inner end (24); 

the outer vane support (14) includes therein at 
least one outer support opening (28) defined by 
25 an outer support opening wall (30) sized gen- 

erally to receive the vane outer end (22), the 
outer vane support (14) made of a material hav- 
ing a first coefficient of thermal expansion 
(CTE); 

30 the inner vane support (16) includes therein at 

least one inner support opening (32) defined by 
an inner support opening wall (34) generally 
sized to receive the vane inner end (24), the 
inner vane support (16) made of a material hav- 

35 ing a second CTE; 

the vane low ductility material has a third CTE 
different from the first CTE and second CTE, 
the ratio of the average of the first CTE and the 
second CTE to the third CTE being at least 

40 about 0.8; 

at least one of the vane outer end (22) and the 
vane inner end (24) being releasably disposed 
in the respective support opening (28/32) in jux- 
taposition with the respective support opening 

45 wall (30/34); 

the high temperature resistant compliant seal 
(36/38) being disposed between the at least 
one vane end (22/24) and the respective sup- 
port opening wall (30/34), substantially sealing 

50 the vane end (22/24) from passage of fluid 

thereabout. 

6. The assembly (10) of claim 5 in which the low duc- 
tility material is selected from the group consisting 

55 of ceramic base materials and intermetallic base 
materials. 

7. The assembly (10) of claim 6 in which the low duc- 
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tility material has a fracture toughness of less than 
about 20 ksi-inch 1/2 . 

8. The assembly (1 0) of claim 5 in which a seal retainer 
(40/42) is disposed over the compliant seal (36/38) 5 
and bonded with the vane support (14/16) to retain 
the compliant seal (36/38) at the support opening 
wall (30/34). 

9. The assembly (10) of claim 6 in which the outer w 
vane support (14) and the inner vane support (16) 

are high temperature metal alloys based on at least 
one element selected from the group consisting of 
Fe, Co, and Ni, and having a CTE of at least about 
7 microinch/inch/°F. 15 

10. The assembly (10) of claim 5 in which: 

the vane outer end (22) and the vane inner end 
(24) each is reieasably disposed in the respec- 20 
tive outer support opening (28) and the inner 
support opening (32) in juxtaposition with the 
respective outer support opening wail (30) and 
the inner support opening wall (34); and, 
a first high temperature resistant compliant seal 25 
(36) is disposed between the outer support 
opening wall (30) and the vane outer end (22), 
and a second high temperature resistant com- 
pliant seal (38) is disposed between the inner 
support opening wall (34) and the vane inner so 
end (24). 
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